We have developed a microcomputer-based system for the classification and interpretative reporting of lipoprotein electrophoretic data. The decision logic takes into consideration the sex and age of the subject, the concentration of total cholesterol and triglyceride, the appearance of the serum after standing at 4°C for 18 h or more and the type of lipoprotein abnormality observed from polyacrylamide disc gel electrophoresis to produce a phenotype according to the classification developed by Fredrickson and co-workers. As the hyperlipoproteinaemia may be primary or secondary to a number of associated conditions, these are included in the report with the six possible phenotypes. A high correlation (98'7%) between manual and computer interpretation was found for 152 consecutive cases of lipoprotein phenotyping.
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clinical biochemistry laboratory for screening purposes, with ultracentrifugation analysis available, if necessary, in the hospital's specialised lipid clinic. Confirmation of type III dyslipoproteinaemia can be made by the latter technique."
Our purpose in designing a software program for interpretative lipoprotein phenotyping and reporting of these results was as follows: as we receive few requests for this assay, our interpretation skills require prompting to obtain uniform typing and reporting of results, to document formally the evidence on which our phenotyping decisions were made, to include possible secondary causes for the hyperlipoproteinaemia, and also to illustrate the ease of designing and modifying a laboratory diagnostic software program applicable to a low-cost microcomputer system.
A categorisation of the variety of abnormalities related to abnormal lipoproteins, which are more often secondary (acquired) than primary (familial), does not provide any information on the aetiology of the abnormality. It does, however, allow' a systematic assessment of the concentrations of the total cholesterol and triglycerides and the appearance of the sample with the type of lipoprotein band observed. The phenotype can thus be a starting point for further clinical evaluation, diagnostic testing, and, if warranted, therapy.
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Materials and methods
The system hardware consists of a TRS 81l Model II microcomputer (Radio Shack, Division of Tandy Corp., Fort Worth, TX 761ll2) with 64 kbytes of addressable random access memory using a CP/M operating system (Pickles & Trout, Goleta, CA 93116). A 'har~' disc drive with 8 Mbytes of storage space IS utilized and interfaced with a printer. The program is written in Microsoft BASIC (Microsoft, Inc., Bellevue, WA 98(04) and structured from the computer package 'The Last One' (D.J. 'AI' Systems Ltd, Ilminster TAl9 9BQ, England).
LIPID DETERMINATIONS
Serum cholesterol was determined by an enzymatic method" using reagent packs supplied by Du Pont for use with the ACA III analyser (Du Pont Instruments, Wilmington, DE 19898).
Quality control samples, elevated lipid control, Omega (Lot 4788Y), mid-range contrels, QPAK I, (Lot 3446F) and QPAK II (Lot 3465F) with mean values (± 2 SO) of 10·8 ± 0·4, 3·4 ± 0·2 and 6·0 ± 0·3 mmolll respecively were used (Hyland/Clinical Assay, Division of Travenol Lab., Deerfield, IL 60015). The assay precision of <3% is comparable to the level obtained by the study of the Lipid Research Clinics. K A kinetic enzymatic method was used to determine serum triglycerides with Du Pont reagent packs using the Du Pont ACA III analyser. 9 The lipid quality control sera, Omega, QPAK I and QPAK II gave mean (±2 SO) values for triglycerides of 5·52 ± 0,17, 1·29 ± 0·09,2·44 ± 0·12 mmolll, respectively. The evaluation of lipoprotein abnormalities was made using Redi-Discs' electrophoresis kits purchased from Miles Laboratories (Research Products Division, Elkhart, IN 46515).
The system employs precast polyacrylamide support and loading medium used with the Sudan Black B stain to identify the lipoprotein fractions. The separated bands are evaluated qualitatively in conjunction with normal and abnormal control samples. These disc-gel methods have been reported to correlate well with results obtained by the classical method of ultracentrifugationIII and heparin-manganese chloride precipitation. II
SAMPLE AND REFERENCE RANGE
Specimens for lipid analysis were obtained from fasting hospital in-and out-patients, stored overnight in a refrigerator at 4°C. and the appearance noted with regard to clarity and layering. This is the usual test for chylomicron presence. A 'cream' layer over clear or turbid serum with elevated triglycerides, denotes a positive test for chylomicrons.
Reference ranges for serum cholesterol and triglyceride concentrations, stratified by age and sex, were obtained from a study of 6407 working Canadian adults aged 2ll-69 years from the Toronto and Hamilton metropolitan areas. 12 
LIPOPROTEIN CLASSIFICATION
The computer-based phenotyping scheme was based essentially on the plasma lipoprotein patterns as originally proposed by Fredrickson and co-workers':' and modified by the World Health Organisation. 14 Six types of lipoproteins can be categorized on the basis of the appearance of the plasma (serum) after standing at 4°C for 18 h or more, on the concentrations for cholesterol and triglyceride, and by the abnormal presence of chylomicrons,~and pre-f-Iipoproteins. 3 Lipoprotein phenotyping provides more information than lipid analysis alone, since borderline lipid levels within the reference range may still present with elevated lipoproteins.
Such situations are incorporated into the interpretative pathway of the program to obtain the best classification from the available data. The use of lipoprotein electrophoresis in conjunction with an accurate and a precise determination of cholesterol and triglycerides is necessary for correct classification of hyperlipoproteinaemia.
A non-typical pre-B band which is not rich in triglyceride, called the 'sinking' pre-p-lipoprotein or Berg lipoprotein," may account for an elevation in the pre-B band on electrophoresis. Subjects with normal lipid levels, but with an elevated pre-B band are incorporated into this program as normal for dietary and therapeutic purposes.
Results
Patient demographic data, values for serum cholesterol and triglyceride concentrations and the appearance of the serum after overnight storage at 4°C were entered by means of a self-prompting sequence. Following verification that the data were correct, the program selects the appropriate reference ranges for the patient's age and sex and directs the user through the program pathway with prompts either requiring 'yes' or 'no' answers or the selection of an option in a listed menu. The overall sequence is illustrated in Figs 1 and 2. It will be noted that allowance has been made for the doubtfully fasted patient (Fig. 1) or for ambiguous findings leading to an 'unable to classify' response. We entered (blind) data from 152 previously interpreted lipoprotein phenotypes and the program classified 144 patients with the same phenotype as by manual interpretation (94· 7%). Of the remaining eight patients (who had been previously typed as II or IV) the program resulted in an 'unable to classify' response. We found, however, that six of these patients could not be classified because of slight changes in their serum cholesterol and triglyceride values following conversion to SI units (mg/dl---> mmol/l). When this arithmetical error was corrected, we then obtained agreement between the 'manual' and 'computer' procedures for ISO (9/l·7%) of the 152 comparisons (Table I) . During the design of the software program, appropriate modifications were made to allow the correct classification of as many possible combinations of input data in order to optimise interpretation. The computer interpretation thus improved the uniformity of the phenotyping and reporting of the results by various users responsible for these tests. Less than 2% of the reports reviewed by computer interpretation required manual classification. Computer logic requires precise cut-off values for cholesterol and triglyceride according to age and sex. In practice, in borderline cases with overlapping values, informed judgement may still be required to arrive at the most compatible phenotype. The two patients who could not be classified showed unusual elevations of~ and pre-ji-lipoprotein bands with normal (for age and sex) cholesterol and slightly elevated triglyceride levels. The cholesterol values were very close to the appropriate upper reference ranges ana on the basis of the lipoprotein pattern were classified as type lIb. In the patient population, which was selected at random, the predominant phenotype is type IV in both male and female subjects (Table 1 ). This is followed by type II lipoprotein elevation in both sexes where cholesterol is elevated and neutral fat is normal (type IIa) or moderately increased (type lIb).
An example of a hard-copy of a report is shown in Figure 3 . One copy is kept as a laboratory record, with another copy being sent for filing in the patient's chart.
Discussion
We have demonstrated that a computer program can accurately parallel the manual phenotyping process. This is not unexpected as both procedures essentially use the same (human) logic. We have found this program to be useful because it improved the uniformity of the classification on a low-volume test (about 50--70 per year), which required correlation of several parameters to make an appropriate judgement. The saving in time which we noted with our small number of tests becomes more significant for laboratories which process large numbers of lipoproteins for phenotyping. ................................... .. The program logic is relatively simple. Following entry of the serum cholesterol and triglyceride values. the previously entered patient's age and sex are used to establish the normality or otherwise of these results from a reference range file (this file is created when first using the phenotyping program). As can he seen from Figs I and 2. the next response required from the operator is the ap'pearance of the serum. When this is known. the final question is concerned with the findings from the electrophoresis handing pattern or is another question about the serum appearance.
• Patient
Although knowledge of cholesterol. triglyceride and the appearance of the serum after overnight storage at 4°C will differentiate most lipoprotein abnormalities." the classification obtained with the additional step of electrophoresis is still useful in defining primary and secondary causes of the abnormalities. In addition, the inclusion of these secondary causes of hyperlipoproteinaemia in the laboratory report act as reminders to clinicians. These reminders have previously been demonstrated to improve patient care. 16 The distinction between primary and secondary hyperlipoproteinaemias has important therapeutic and prognostic consequences. Treatment of the secondary causes may often resolve the presence of the abnormal lipoprotein findings. h
Although we have only used serum cholesterol and triglyceride concentrations, specimen appearance and lipoprotein electrophoresis for decision-making, the program can readily be modified to include classification by ultracentrifugation and results of LDL and HDL cholesterol assays. The initial phenotyping of the hyperlipoproteinaemias by Fredrickson et at. IJ which was adapted for computer interpretation in this study suited our laboratory application for this test. We did not include the other risk factors such as the ratio of LDUHDL or total ChollHDL into our present program. These factors can readily be incorporated into the program using our described software system. Since the use of our lipoprotein interpretative program, a commercial software program distributed by Pribor and Associates 17 has become available for lipoprotein electrophoresis interpretation. Their program includes the HLD and LDL values. These tests are not required for the phenotyping, but many laboratories offer these tests as part of their lipid profile.
In conclusion, the application of customised laboratory software designed for lipoprotein phenotyping has simplified the process and improved the consistency of the reports. The basic software can be readily modified to suit the individual test panel of each laboratory. Copies of the program as described for lipoprotein phenotyping and sample reports can be obtained from FYL.
